Introduction: Artificial gametes (AGs) are cells that have been 'reprogrammed' to function as sperm or eggs. Such cells may in the future enable people who cannot produce gametes, to have genetically-related offspring. In this paper, I consider the prospect of AGs in the context of declining birthrates and postponed parenthood across the Western world.
Introduction
Artificial gametes (AGs) is the term used to refer to cells that can function in the same way as gametes, but in which these functions have been induced biochemically, or through surgical intervention on the cell. Hitherto, interest in AGs has focussed either on their potential to help scientists learn more about the processes of gamete formation, or on the remoter prospect of using AGs in fertility treatment. However, there are a number of challenges on the horizon. If gametes can be derived from somatic cells, any human being can in theory produce gametes irrespective of age, relationship status and other reproductive-health related issues. This could make it difficult to establish clear medical criteria for the use of AGs in fertility treatment. Given this, perhaps we need to reconsider the relationship between reproductive technologies and the medical needs that they are deemed to meet. Currently, many societies are facing problems with below replacementlevel fertility. Put simply, people are having fewer children, later in life; sexual reproduction is on the wane. As the age of first time mothers increases, more and more couples resort to reproductive technology to fulfil their parental aspirations. There are serious political, social and economic questions about what this means for our societies. Should governments try to persuade women to prioritise reproduction above other life goals? Or should we regard the development of new reproductive possibilities such as AGs as offering a way to escape the narrow biological boundaries of sexual reproduction?
Discussion
In order to survive, societies need to reproduce. The most burdensome aspects of this process-gestation and childbirth-fall to women. Historically, women had to reproduce in accordance with the dictates of biology and society. However, in the developed world this has changed. Women can control their fertility with contraception, and marriage and motherhood are no longer the only, or default options open to women. Since nature no longer controls fertility to the extent that it once did, sexual reproduction is on the wane, as people increasingly delay reproduction to the point at which they require technological assistance.
There has been much speculation about why fertility rates tend to fall as societies become wealthier, and women attain more control over their reproductive functions. Yet, perhaps it is not such a puzzling question after all: people with children are worse off economically than those without them, and their self-reported wellbeing is lower. This is more pronounced in women, whose careers and identities are commonly harder hit by parenthood. [1] [2] [3] For women especially, reproduction is costly in physical terms as well as in other respects. It is medically safer for a woman who becomes pregnant, to undergo an abortion, than to continue with the pregnancy. 4 Given this, declining fertility rates and the postponement of motherhood can be viewed as eminently reasonable responses to the risks and challenges involved in reproduction. While falling birthrates and delayed parenthood may make perfect sense at an individual level, these trends have emerged in recent decades as a serious source of concern for policy-makers and healthcare providers. 5, 6 In the UK, the average age of the first time mother is now over 30; higher than anywhere else globally. 7 Italy is currently reported as having the lowest birth rate in Europe. 8 The Italian government has responded to this by launching a campaign to urge young female citizens to have babies. 9 These are fairly new phenomena and we do not really know how these trends may affect parents, children and society in the long term. However, there are many who believe that there are reasons to be very worried. The ageing society, in conjunction with postponed motherhood, seem to lead towards a skewed demographic, and-as some have suggested -to economic catastrophe. Moreover, as fewer women reproduce in the peak of their fertile years, correspondingly more women find that when they do decide to reproduce, their fertility is on the wane. They have missed a window of opportunity, and conception may be difficult or impossible without medical help. Susan Bewley et al. have warned of an 'epidemic' of older mothers, arguing that women postpone pregnancy on the basis of a false belief that medical interventions such as in vitro fertilisation (IVF) will help them out when they finally get round to it. 10 Whether Bewley et al. are right about the motivating influence of technology itself, I will discuss later. However, they are correct that-as it stands-technology is not a straightforward solution, for a variety of reasons. IVF is unlikely to succeed in women beyond a certain age. Moreover, reproductive technology is financially expensive and can be physically and psychologically draining for patients. Then, there are questions about the ethics of providing fertility treatment to older patients, both in terms of risks to themselves, and the welfare of their offspring.
Bewley's argument rests heavily on women's failure to understand the inadequacy of technology, on their willingness to be taken in by its false promises and spurious hopes. However, there are three points to consider in relation to this claim. Firstly, despite the widespread view that older mothers are ill informed, there is a clear correlation between delayed motherhood and increased levels of higher education. 11, 12 Put starkly, the brightest women in our societies are the ones delaying or foregoing parenthood. Are the cleverest members of our societies really the ones making the most foolish decisions about the timing of parenthood? Or could it be that they are prioritising interests that medical professionals such as Bewley have simply failed to take into consideration? A second issue might arise even if we did accept the idea that women who postpone are just foolish or misguided. Bewley assumes that as soon as women are made aware, they will make better choices about the timing of reproduction. However, this assumption is hasty. Even with increased educational provision and exhortations, we might find that women still delay reproduction, seeing technology perhaps, as one way of retaining a chance, however small, of reproducing later in life. Interestingly, a study that interviewed women on this issue found that '…knowledge about the influence of female age on childbearing success was not predictive of their childbearing intentions.' 13 In short, those participants who knew they would risk infertility by postponing reproduction were still just as likely to postpone. This study was undertaken in Sweden, a country with one of the highest levels of support in terms of parental leave and gender equality in the workplace. As the study suggests, while we might think it wise to ensure women are informed about the time limited nature of fertility, there is no guarantee that education and information will reverse the trend towards later reproduction. A third consideration is the possibility that technology may improve. It is reasonable to suppose that, as we have seen with egg freezing, options will multiply, and techniques become more efficient. If this should happen, women might be justified in postponing reproduction after all. The success rate of IVF is low among older women… but fertility scientists agree this relates to the age of the eggs, not the woman herself. Egg freezing plus IVF may therefore be a much better bet even now. Yet for Bewley et al., and for many other medical commentators, there seems to be a deeper conviction that women ought to avoid having to use technology: they should reproduce in the natural way during period when they are at their most fertile. 14, 15 Similarly, the Italian government did not exhort women to freeze their eggs, but rather to have children now when they can do so unaided. So where does this deeper conviction spring from, and would we be justified in continuing to urge women to reproduce earlier if (a) we were satisfied about their level of understanding and (b) there were effective technological means by which they would have a good chance of preserving their fertility?
It is here that AGs become relevant. In 2003-04, several papers were published detailing the derivation of gamete-type cells obtained from mouse embryonic stem cells (ESCs). [16] [17] [18] In 2004-05, further research reported similar findings in human ESCs. 19, 20 Since then, progress has been made on the development of AGs using a number of different methods. 21 Fertile mouse offspring have been born from oocytes derived from skin cells. 22 A key source for information on the development of the science is a systematic review published by Hendricks et al. in 2015. 23 It may be many years before AGs are ready for clinical use. Nevertheless, it has been argued variously that 'patients with absent gametes or gonads represent the final frontier for infertility treatment' 24 ; that AGs will 'end infertility' 25 and that AGs will 'democratise reproduction'. 26 Clearly, there are significant expectations that AGs can help resolve problems that are currently unamenable to existing medical interventions. If AGs do come into clinical use, they are likely to exacerbate the disconnect between nature and reproduction. One issue that currently affects women is the menopause, and the cessation of egg production. As noted, few women of reproductive age are in a position to foresee whether they will need to freeze their eggs, and the procedure of egg harvesting is invasive. If somatic cells, such as skin or blood, can be manipulated in the laboratory to fulfil the function of eggs, the burdensome aspect of egg collection would be significantly diminished. Moreover, women who have already undergone the menopause would still be able to generate gametes artificially. There could be risks here, of course, in that the older a person is, the more likely it is that their gametes may have acquired genetic mutations that could lead to birth defects, or simply reduce their potential to be fertilised successfully. 27 However, one advantage of creating eggs in vitro is that it could facilitate testing on a larger scale than is currently possible (due to the risks involved to women in donating eggs). This might help scientists to determine the best ways of generating chromosomally normal eggs for use in reproduction. The use of PGD techniques on the resulting embryos would offer an additional opportunity for testing. In this way, the risks associated with 'older' gametes could be managed, enabling women and their clinicians to ensure that only eggs and/or embryos with the best chances of yielding a healthy baby would be transferred to prospective mothers. Offspring still have to be gestated, however, and here again, concerns about the impact of age might arise. Gestation and birth, as noted above, have significant health risks for women, even in the biologically optimal window for reproduction. These risks increase with age, and they affect both the gestating woman and the child. 28 For the woman, the risks of gestational diabetes and high blood pressure are increased, along with complex and possibly interventional births. Babies born to older mothers face increased risks of premature delivery, low birthweight and a higher probability of requiring ICU treatment. The degree to which these risks should deter us from embracing a more technologized approach to reproduction is questionable, however. It has already been demonstrated that women who are well past the menopause can gestate and give birth to healthy babies. While the risks to mother and baby are greater than those associated with reproduction at a younger maternal age, there is no risk-free age at which women can reproduce. A woman who decides to conceive a child puts herself at significantly increased risk of medical harm whatever her age. Because of this, it is not so clear that there is a straightforward health-related mandate to justify urging women to reproduce sexually, while they are young. If we really want to spare women unnecessary risks to their health, we should recommend that they do not reproduce at all. Moreover, there are considerations to be weighed against the incremental risks associated with older motherhood. Women who reproduce later in life are statistically likely to be better off financially, to be better educated and to have a stable social/emotional life. 29 Not only are these important benefits for any member of society, but they have a recognised impact on health. To put this another way, the child of an older woman who has reproduced with medical help may gain social, economic and medical advantages that contribute to offsetting the increased risk of low birthweight, etc.
The outline I am giving here is not what we generally hear. Governments and medical professionals do not like to admit that motherhood involves such far-reaching sacrifices, nor that many young women do not necessarily perceive the need to become mothers until they reach an age at which sexual reproduction is no longer possible. If we did acknowledge and respond to these facts, we would have to face the prospect that in seeking to influence the reproductive behaviour of young women, we are in fact attempting to further broader interests than theirs alone, or even those of their offspring.
We already know the values and priorities of those who postpone reproduction: we can read these in the statistics. 30 They are women who are well educated, who value their careers and independence; they are women whose values do not map neatly onto the medical model that Bewley et al. advocate. This is evident across the globe: wherever they have the option, women trade off whatever medical benefits are associated with early motherhood for other kinds of advantages in their reproductive decisions. Of course there may be some of these women who have simply made a mistake, or failed to consider adequately the risks and possibilities open to them. But to ascribe the entire older motherhood trend to this kind of misinformation seems wilfully to ignore the fact that these are frequently choices that are being made-and they are the choices that are facilitated precisely by the things that our Western liberal democracies regard as being important: education, economic stability, reliable medical services, gender equality. If we tackle this as a knowledge deficit, we may spend a great deal of money, and achieve very little. We need to recognise this as what it is: a problem that goes beyond medicine or biology. There are several possibilities here. One is that the state could attempt to facilitate women's role as reproducers in ways that compensate for the career sacrifices that early motherhood entails. Some states already do this. Germany encourages women to stay at home with children by offering them a variety of financial incentives. Some Scandinavian countries likewise try to ensure that reproducers are disadvantaged as little as possible. Nevertheless, even in the most far-seeing and proactive countries, the association between falling birthrates, older reproduction, higher education and economic status remains. It seems inexorable: the richer and cleverer the woman, the later she will reproduce-if at allwhatever provisions and measures are put in place to 'help' her decide to reproduce earlier. If we want women to be rich and clever, we cannot expect them to be young reproducers too.
Why is this? Very simply, because sexual reproduction and early, prolific motherhood are incompatible with the other values and priorities of liberal democracies. If this is correct, the push towards gender equality, economic prosperity and educational attainment will further impact fertility rates and increase the proportion of births arising from technological interventions.
So if tweaking around the edges does not work, we could either continue to make our exhortations and hope that some women at least will yield to pressure so that we do not face absolute demographic catastrophe-and hope for the best. Alternatively, we could accept that in the face of incompatible goods, something will have to give. Some might think women's careers are the appropriate sacrifice. Others might think that all things considered, the improved productivity that comes from women's contributions to the workforce, may outweigh some of the costs involved in later reproduction. Given that we have technology that can go some way towards increasing women's fertility prospects, why not change our mindset? Access to these technologies should not perhaps be premised on medical need, but on the value of reproduction to society.
Conclusion
Women in the societies where falling birthrates have been observed, no longer expect to be married off as soon as they are reproductively mature, to men who will beget as many children with them as is biologically possible before the woman dies or loses her fertility. The inexorable tie between sex and reproduction has been broken. Yet, our societies are failing to take note of what this really means for women and for future generations. In attempting to persuade women to reproduce sexually, while they are still young, we restrict their access to the benefits that our technology may be able to offer. We seek to re-position them as creatures of nature, whose primary function is to fulfil societies' need for offspring. If women truly are to function as equal citizens in Western liberal democracies, it is necessary to think more clearly, and more courageously about whether sexual reproduction is as essential to our modern lives as we tend to assume. Only by doing so can we arrive at a sound judgment as to the place of forthcoming technologies such as AGs.
